T cells in viral control, especially in infection with HIV and Epstein-Barr virus, which respectively persist in follicles in immune T cells that express the CD4 protein and in B cells. Im + T cells are consistent with the idea that B-cell follicles provide a 'sanctuary' for HIV-infected T follicular helper cells 5 . The precise function and location of CXCR5 + CD8 + T cells remain unresolved.
These studies provide insights into the spatio -temporal and dynamic nature of CD8 + T-cell-mediated immunity against chronic infections. Parallels in the findings between humans and mice underscore the probable importance of CXCR5 + CD8 + T cells in controlling protracted infections. Furthermore, the expansion and enhanced function of CXCR5 +
CD8
+ T cells following PD-1 blockade render these cells a target for immune intervention when treating infectious disease. However, it is unknown whether these T cells are also generated in response to chronic viruses that infect non-lymphoid cells, such as hepatitis B or hepatitis C. It will be interesting to discover whether the cells infiltrate lymphoid and non-lymphoid tumours and so could also be targeted for cancer immuno therapy T he number of genomic resources is increasing rapidly, but large collections of high-quality, whole-genome sequences are available for only a few species, including humans 1 and fruit flies 2 . Such collections can help researchers to address both basic and applied genetic questions. Writing in Cell, the 1001 Genomes Consortium 3 and Kawakatsu et al. 4 describe an advanced genomic resource for the thale cress (Arabidopsis thaliana), molecular biology's most prominent plant model.
In the first study, the consortium presents whole-genome sequences of more than 1,300 genetically different individuals (accessions) from a worldwide collection (Fig. 1) . In plants, such data sets have so far been generated only for cultivated species, such as rice 5 and tomatoes 6 . The Arabidopsis sequences are of high quality and easily accessible to users. The two papers jointly provide a good overview of all types of DNA-sequence variation.
Molecular modifications to DNA, such as the addition of methyl groups to the base cytosine, can influence gene expression and thereby alter physical and biological traits. In the second paper, Kawakatsu et al. improve on earlier studies (for example, ref. 7) by recording such epigenetic variants in about 1,000 accessions, which largely overlap with the sequenced accession set from the first paper.
What sets this work apart from most other collections of whole-genome sequence data is that seeds of all these accessions are freely available to the scientific community. A. thaliana is a predominantly selfing species -offspring receive two identical copies of each gene from the parent, whereas in outcrossing species, the copies from the mother and father can be different. The genome sequence of each accession of a selfing species is therefore maintained in subsequent generations. As such, researchers can obtain seeds whose genomes have already been fully characterized. Furthermore, the accessions also have data on gene expression and methylation status in some environments 4 . The groups have produced a tremendously valuable resource.
A crucial issue for this kind of large-scale study is the distribution of samples over 
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Geography matters for Arabidopsis
A free database describes genome sequences, gene expression and molecular modifications to DNA for more than 1,000 Arabidopsis thaliana plants, providing valuable information on the complex history and current variation of this species. different geographical regions. The Arabidopsis accessions cover a large geographical area, but the sampling is much more uneven than that achieved for the project's human counterpart, the 1000 Genomes Project 1 . It reflects past collecting efforts and largely focuses on the Iberian peninsula in southwest Europe and on Sweden.
In analyses of the genetic distance between plants, the consortium identified many Iberian accessions and one accession each from the Cape Verde Islands, Canary Islands, Sicily and Lebanon as relicts -representatives of populations that had given rise to plants that migrated to other regions but that had not migrated themselves. Most of the relicts from outside Iberia may in fact have arisen through dispersal by humans, because the collection sites historically had close cultural associations with the Iberian peninsula. The remaining non-relict samples are the result of the rapid, nearly worldwide expansion of the species, and enable studies of more-recent adaptation.
Although this analysis sheds new light on the movements of A. thaliana, more-extensive sampling is still needed to fully understand the history of the species. In particular, the source of the current widely distributed non-relict accessions needs further study. European populations of many other non-relict plant species (such as forest trees) are known to be derived from multiple colonizations from areas containing relicts (such as the Iberian, Italian and Balkan peninsulas) 8 . Kawakatsu et al. combine the two groups' extensive data set to analyse how interactions between genetic and environmental factors contribute to changes in gene expression or methylation. For instance, the authors compare the extensive Swedish and Iberian populations and show that northern populations have more DNA methylation than southern ones -an interesting finding that should lead to more-detailed study. The consortium presents an analysis of genetic variants associated with variation in flowering time that identifies a few well-known sequence regions (loci) that regulate flowering at two different temperatures in the greenhouse.
Such overall analyses of large data sets have limitations as well as advantages, however. Previous studies (for example, ref. 9) showed that, in natural conditions, variation in flower ing time is associated with a large set of loci that have small individual effects. The complex population history reflected in the current set of accessions provides an explanation for this discrepancy. Combining data from all over the world can result in false positives -perhaps, in correcting for this, the authors have eliminated many true-positive associations 9 . Furthermore, different loci may account for variation in different accessions, and such local associations would probably not be detected in an overall analysis. Clearly, regional studies, which involve less variability between accessions, are also needed, along with experimental work.
More generally, a combination of approaches will be required to fully understand the genetic basis of variation in adaptive traits 10 .
Researchers working with other plant species will benefit from the Arabidopsis resources. The effects of selection can be more easily tracked in closely related outcrossing species that have a simpler population history, such as Capsella grandiflora 11 . But data from A. thaliana will help researchers to interpret their findings in C. grandiflora, and will provide opportunities for evolutionary comparisons. Even for more distantly related species, such as long-lived conifers (for which genomic data are only now becoming available 12, 13 ), information about functional variation in Arabidopsis will be helpful.
Finally, although Arabidopsis is a selfer, most plant species are outcrossing. Research into the population genomics of these species will be aided by the analytical tools developed for species such as fruit flies and humans that have an outcrossing mating system 1, 2 . Genomic resources for individual species therefore provide wide-ranging benefits for researchers in many fields. ■
